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HELMINTIHIS OF THE SOUTHWESTERN TOAD, BUFO MICROSCAPIIUS, 
WOODHOUSE S TOAD, BUFO WOODHOUSII (BUFONIDAE), AND 


THEIR HYBRIDS FROM CENTRAL ARIZONA 


Stephen R. Goldberg!, Charles R. Bursey2, Keith B. Malmos?, 
Brian K. Sullivan?, and Hay Cheam! 


ABSTRACT.—The gastrointestinal tracts, Jungs, and urinary bladders from 77 Bufo microscaphus, 61 Bufo woodhousii, 
and § of their hybrids were examined for helminths. One species of trematode (Glypthelmins quieta), 1 species of ces- 
tode (Distoichometra bufonis), and 5 species of nematodes (Aplectana incerta, A. itsocanensis, Rhabdias americanus, 
Physaloptera sp., and Physocephalus sp.) were found. The greatest prevalence (41%) and mean intensity (231.7) were 
recorded for Aplectana incerta in Bufo woodhousii. Mt appears hybrids harbor fewer parasites than either parent species. 
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The southwestern toad (Bufo microscaplius 
Cope, 1866) is presently recognized as 3 allo- 
patric subspecies: B. m. californicus Camp, 1915, 
which occurs in coastal southern California 
and northwest Baja California; B. m. microsca- 
phus Cope, 1866, found in southern Nevada 
and Utah, Arizona, and New Mexico; and B. m. 
mexicanus Brocchi, 1879, which oecurs in the 
Sierra Madre Oecidental of central México 
south to Durango (Price and Sullivan 1988). 
Woodhouse’'s toad (Bufo woodhousii Girard, 
1854) is recognized as 4+ subspecies: B. w. wood- 
housii Girard, 1854 occurs in eastern Montana 
and North Dakota, south through the plains 
states to central Texas and west of the Rocky 
Mountains from Idaho south to Colorado and 
Arizona with isolated populations in west Texas, 
southeastern California, and along the Oregon- 
Washington border; Bufo w. australis Shannon 
and Lowe, 1955 is found from central Colorado 
through New Mexico and Arizona to Sonora, 
México, and along the Rio Grande drainage into 
southwest Texas and adjacent México; Bufo w. 
velatus Bragg and Sanders, 1951 is restricted 
to northeast Texas; and B. w. fowdleri Hinckley, 
1882 is widespread throughout much of the 
eastern United States south to the Gulf Coast 
and west to eastern Texas (Behler and King 1979). 
The toads examined during this study, B. in. 
vimicroscaphus and B. w. australis, are known to 
hybridize in Arizona (Sullivan 1986, Sullivan 
and Lamb 1988). 
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Although there are reports of helminths from 
B, imicroscaphus (Parry and Grundmann 1965) 
and B. woodhousii (Trowbridge and Hefley 1933, 
Brandt 1936, Walton 1938, Reiber et al. 19-40, 
Kuntz 1941, Kuntz and Self 1944, Rankin 1945, 
Fantham and Porter 1948, Frandsen and Grund- 
mann 1960, Parry and Grundmann 1965, Camp- 
bell 1968, Brooks 1976, Jilek and Wolff 1978, 
Baker 1985, Hardin and Janovy 1988, MeAllister 
et al. 1989), populations of these toads from Ari- 
zona have not been examined. Concern over 
declining amphibian populations (Ileyer et al. 
199-4) has increased interest in the possible nega- 
tive effects of parasites on toads. The purpose of 
this paper is to report on helminths of these toads 
and their hybrids from Arizona. 

This investigation of parasitism in these toads 
addresses a hypothesis of hybrid zone theory 
and species boundaries. The hypothesis that 
populations of hybrid individuals with reduced 
fitness act as barriers to gene flow between 2 
species separated by a hybrid zone (Barton 1979, 
1980) could have several mechanisms. One 
mechanisin, increased parasitism of hybrids, is 
evaluated in this study. Two previous studies of 
parasitism in vertebrates are split. Hybrid mice 
(Mus musculus X Mus domesticus), specifically 
backcrossed hybrids, had greater numbers of 
cestode and nematode parasites than either 
parental species (Sage et al. 1986). Prevalence 
of monogenean parasites for hybrid minnows 
(Barbus barbus xX Barbus meridionalis) was 
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positively associated with the percentage of B. 
meridionalis genes (Le Brun et al. 1992). If we 
find that hybrid toads have greater parasitism 
than each toad species, then parasitism may be 
a mechanism that reduces hybrid fitness and 
contributes to the barrier between these 2 toad 
species. 


\MIATERIALS AND NIETHODS 


One hundred forty-six toads were collected 
in Arizona during 1991-1995; snout-vent length 
(SVL) was measured to the nearest mm after a 
minimum of 6 mon in 70% ethanol storage. 
Toads were identified using a hybrid index (HT) 
and advertisement call structure, if available. 
Following Blair (1955), Sullivan (1986), and Sul- 
livan and Lamb (1988), we evaluated the degree 
of expression of 4 characters to generate the 
HI score for each toad: dark ventral pigmenta- 
tion, cranial crest, dorsal stripe, and pale colora- 
tion across the eyelids. A numerical score (0, 1, 
2, 3) was assigned for each of the following 4 
character states: present, weakly present, very 
weakly present, or absent. A score of 3 was 
assigned for the presence of dark ventral pig- 
mentation, cranial crests, a dorsal stripe, and 
absence of a pale bar across the evelids. This 
vields scores near 12 (4 X 3) for B. woodhousii 
and 0 (4 x O) for B. microscaphus. Numerous 
other studies of hybridization between toad 
species have used a morphological hybrid index 
such as this (Volpe 1959, Meacham 1962, Hen- 
rich 1968, Ziweifel 1968). All toads from sites of 
sympatry with scores of 4 through 8 were con- 
sidered hybrids, as were all toads with interme- 
cliate advertisement calls. Intermediate calls are 
typical of hybrid toads between these species 
(Sullivan 1995), and calls have long been used 
to delimit hybrid toads of other species pairs 
(Blair 1956, Zweifel 1968, Green 1982). Sev- 
enty-seven Bufo microscaphus (mean SVL = 
61.4 mm + 8.7 s, range 34-86 mm, 67 males, 
10 females); 61 Bufo woodhousii (mean SVL = 
74.5 mm + 8.8 s, range 49-91 mm, 53 males, 8 
females), and § hybrids (nean SVL = 60.5 mm 
+ 8.4 s, range 45-72 mm, 7 males, | female) 
were examined. Kruskal-Wallis test statistic 
(45.92, 2 df, P < 0.001) indicates significant 
difference in SVLs for the samples examined. 
After examination all specimens were deposited 
in the herpetology collection of Arizona State 
University (ASU), Tempe. Collection localities 
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and ASU accession numbers are given in 
Appendix 1. 

Toads were anesthetized by immersion in 1] 
¢/1 solution of tricaine methane sulfonate (MS- 
222, Sigma, St. Louis, MO). Heart, liver, thigh 
muscle, and kidney were removed and frozen 
for future genetic analyses. Toads were then 
fixed in neutral-buffered 10% formalin and 
moved to ethanol for storage following proce- 
dure outlined by Simmons (1987). The body 
cavity was opened by a longitudinal incision 
from vent to throat, and the gastrointestinal 
tract was removed by eutting across the esoph- 
agus and rectum. The esophagus, stomach, small 
intestine, large intestine, hings, bladder, and 
coelom were examined under a dissecting 
microscope. No helminths were found in the 
esophagus or urinary bladder. All helminths 
were removed and identified using a glycerol 
wet mount. Specimens were placed in vials of 
alcohol and deposited in the U.S. National Par- 
asite Collection, Beltsville, Maryland 20705: 
(accession numbers, Appendix |). 


RESULTS AND DISCUSSION 


Prevalence, site, and mean intensity for each 
parasite are given in Table 1. Terminology is in 
accordance with Margolis et al. (1982). One 
species of trematode (Glypthelmins quieta 
[Stafford, 1900]), 1 species of cestode (Distoi- 
chometra bufonis Dickey, 1921), and 5 species 
of nematodes (Aplectana incerta Caballero, 
1949, Aplectana itzocanensis Bravo Hollis, 1943, 
Rhabdias americanus Baker, 1978, Physaloptera 
sp. [larvae only], and Physocephalus sp. {larvae 
only]) were found. [t would appear from Table 
) that both species and their hybrids are sus- 
ceptible to infection by the same parasites. The 
greatest prevalence (41%) and mean intensity 
(231.7) in our study were recorded for Aplectana 
incerta in Bufo woodhousii. Thirty-four of 77 
(44%) Bufo microscaphus (30/67, 45% males; 
4/10, 40% females), 51 of 61 (84%) B. wood- 
housii (45/53, 85% males; 6/8, 75% females), 
and 4 of 8 (50%) hybrids (3/7 males, 1/1 female) 
were infected. Males and females of both Bufo 
microscaphus (x2 = 1.17, 1 df, P > 0.05) and 
B. woodhousii (y2 = 2.79. 1 df P > 0.05) did 
not differ significantly in helminth prevalence. 
There were too few female hybrid toads for 
chi-square analysis. There was statistical differ- 
ence in abundance of nematodes between B. 
wnicroscaphus and B. woodhousii (v2 = 23.72, 
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TABLE 1. Prevalence, mean intensity (range), and location of helminths from Bufo microscaphus, B. woodhousii. and 
their hybrids from Arizoust. 
I cre ee ee 








Bufo microscaphus Bufo woodhousii LIvbrids 
(NV = 77) (N = 6]) N=S 
Prevalence Intensity Location Prevalence Intensity Location Prevalence Intensity Location 
Parasite species (%) (range) (%%} (range) (Sc) (range 
TREMATODA 
Glypthelmins quieta | 1.0 b 2 2.0 b 13 1.0 b 
| CESTODA 
Distoichometra bufonis 14 2.9 11-6) b 38 2.0 (1-8 b 13 1.0 b 
NEMATODA 
Aplectana incerta I 156.0 b,c 41 -231.7 (23-564, be — 
Aplectana itzocanensis 19 73.0 (1-373) b,c 26 43.2 (1-204; — b,e 25 1.0 C 
Physaloptera sp. (larva) 16 3.9 (1-31) a a 6.0 (2-11) a 13 1.0 a 
Physocephalus sp. larvae) | 104.0 d — = 
Rhabdias americanus 5 2rd} e 38 Deel 1a e _ 


_also help to establish the significance of hybrid 





individuals had fewer parasites than do indi- 


| 
hybrids could strengthen this result. Subsequent 





a = stomach, b = small intestines, c = large intestines, d = cysts on stomach wall, e = lungs. 


1 df, P < 0.001). When the intermediate reeord for Aplectana incerta and Physaloptera 
prevalence (50%) of the small hybrid sample (Ns sp. Bufo w. woodhousii has been reported by 
= 8) was ineluded in the chi-square calcula- | Baker (1985) to host Aplectana itzocanensis. 
tion, statistical significant difference remained Bufo microscaphus X B. woodhousii hybrid is a 
(2 = 23.97, 2 df, P < 0.001). new host record for Distoichometra bufonis, 
To test for differenee in infection rate, we Glypthelmins quieta, Aplectana itzocanensis, 
eee Kruskal-Wallis rank-orcder stutistic be- and Physaloptera sp. Glapthelmins quicte in 
eause of the great variation in mean intensity TIZona is a new locality record. 
of parasites harbored by B. microscaphus, B. With the exception of Glypthelmins quicta, 
woodhousii, and their hybrids (116.3, 19.4, 1.3, all helminths found in our study have been 
respectively) and the relatively small sample of previously reported in other desert toads from 
hybrids (N = 8). This test revealed that hybrid Arizona (Table 2). Glypthelnins yuicta has pre- 
i viously been reported in Bufo microscaplmns 
from Utah (Parry and Grundmann 1965) and in 
Bufo woodhousii from Nebraska (Brooks 1976). 
It is widely distributed in anurans in North 
America (Prudhoe and Bray 1982). The distri- 
bution of Distoichometra bufonis, Aplectana 
incerta, A. itzocanensis, Physaloptera sp., and 
Rhabdias americanus in North American toads 


has previously been diseussed (Goldberg and 


ig a6 c = bes = Or RS a \ 
> i. ote a there wer ate rf ae mae ; Bursey 199la, Goldberg et al. 1996). Aplectana 
mahties. Thus, the presence of helminths did jacerta, A. itzocanensis, and Rhabdias ameri- 


not appear to adversely affect the populations — ¢anns have direct life evcles: Distoichometra 
of B. inicroscaphus, B. woodhousii, or their hy- bufonis, Physaloptera sp.. and Physocephalus 
brids. In a study on Couch’s spadefoot (Seaphio- sp. have indireet life eycles and require at lecst 
pus couchii) from Arizona, Tinsley (1990) found — 1 intermediate host (Anderson 1992. Smivth 
no correlation between presence of the trema- 199-4). Because these helminths are not species 
_tode Pseudodiplorchis americanus and mating — specific and oceur in a variety of amphibians, 
suecess, although the presence of P americanus — the distribution of intermediate hosts may play 
reduced fat reserves during hibernation. an important role in determining the distribu- 
Bufo microscaphus is a new host record for _ tion of those parasites with indirect life cycles. 
Distoichometra bufonis, Aplectana incerta, A. The conditions responsible for determining 
_itzocanensis, Physocephalus sp., and Rhabdias distribution of the parasites with direct life 
-americanus. Bufo woodhousii is a new host — cyeles have yet to be defined. 


viduals of either species. Examination of more 


work to determine the importance of age, 
genetic factors, nutrition, and ecology would 


ancestry on parasite levels. 
Infeeted frogs appeared healthy; i.e., none 
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TABLE 2. Helminth community of desert toads from Arizona. 





Hehninth 





TREMATODA 
Glypthelmins yuicta 


Pseudodiplorchis americanus 


CESTODA 
Distoichometra bufonis 


Nematotaenia dispar 


NEMATODA 
Aplectana incerta 


Aplectana itzocanensis 


Oswaldocruzia pipiens 


Physaloptera sp. (larva) 


Physocephalus sp. (larva) 


Rhabdias americanus 


Llost 


Bufo microscaphus 
B. woodhousii 
Scaphiopus conchii 


Bufo cognatus 

B. microscaphus 

B. punctatus 

B. retiformis 

B. woodhousii 
Scaphiopus couchii 
Bufo alvarius 


Bufo microscaphus 
B. retiformis 

B. woodhousii 
Scaphiopus couchii 
Bufo alvarius 

. cognatus 

. microscaphus 

. punctatus 

_ retiformis 

. woodhousii 
Bufo alvaritus 

B, cognatus 

B, punctatus 

B. retiformis 
Scaphiopus couchii 
Bufo alvarius 

B. cognatus 

B. microscaphus 
B. retiformis 

B. woodhousii 
Bufo alvarius 

B. microscaphus 
B. retiformis 

Bufo alvarius 

B. cognatus 

B. microscaphus 
B. retiformis 

B. woodhousii 
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This study 
Tinsley 1990 


Goldberg and Bursey 199la 
This study 

Goldberg and Bursey 1991b 
Goldberg et al. 1996 

This study 

Goldberg and Bursey 1991]a 
Goldberg and Bursey 1991]a 


This study 

Goldberg et al. 1996 

This study 

Goldberg and Bursey 1991a 
Goldberg and Bursey 1991]a 
Goldberg and Bursey 1991a 
This study 

Goldberg and Bursey 1991b 
Goldberg et al. 1996 
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Goldberg and Bursey 1991b 
Goldberg et al. 1996 
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Goldberg et al. 1996 

This study 

Goldberg and Bursey 1991]a 
This study 

Goldberg et al. 1996 
Goldberg and Bursey 1991a 
Goldberg and Bursey [99la 
This study 

Goldberg et al. 1996 

This study 


ACKNOWLEDGMENTS 


Field assistance was provided by Mike 
Demlong, Erik Gergus, and Matt Conley. The 
Departinent of Life Sciences at Arizona State 
University West provided a vehicle for trans- 
portation to collection sites and funds for some 
costs of this project. We thank Steven M. Norris 
and Michael E. Douglas for access to the Ari- 
zona State University Vertebrate Collection and 
the constructive comments of 2 anOnVMOUS 
reviewers. Rachael Schuessler and Elizabeth 
Stikkers assisted with collection of parasites. 


LITERATURE CITED 


ANDERSON, R. C. 1992. Nematode parasites of vertebrates. 
Their development and transmission. CAB Interna- 
tional, Wallingford, Oxon, U.K. 578 pp. 

BAKER, M. R. 1985. Redeseription of Aplectana itsocanen- 
sis and A. incerta (Nematoda: Cosmocercidae) from 
anphibians. Transactions of the American Micro- 
scopical Society 104: 272-277. 

BARTON, N. TL. 1979. The dynamics of hybrid zones. 
[feredity 43; 341-359. 

. 1980. The hybrid sink effect. Lleredity 44: 277-275. 


BEMLER, |. L., AND FEW. Kina. 1979. The Audubon Society 


field guide to North American reptiles and amphib- 
ians. Alfred A. Knopf, New York. 743 pp. 


a 


1996] 


Barr, A. P. 1955. Distribution, variation, and hybridization 
in a relict toad (Bufo microscaphus) in southwestern 
Utah. American Muscinn Novitates 1722: 1-38. 

Buark, W. F. 1956. The mating calls of hybrid toads. Texas 
Journal of Science 8: 350— 355. 

Branpt, B. B. 1936. Parasites of certain North Carolina 
Salientia. Ecological Monographs 6: 491-532. 

Brooks, D. R. 1976. Parasites of amphibians of the Great 
Plains. Part 2. Platyhelminths of amphibians in 
Nebraska. Bulletin of the University of Nebraska 
State Museum 10: 65-92. 

CanMipBELL, R. A. 1968. A comparative study of the para- 
sites of certain Salientia from Pocahontas State Park, 
Virginia. Virginia Journal of Science 19: 13-20. 

FanTHAM, El. B., AND A. PORTER. 1948. The parasitic fauna 
of vertebrates in certain Canadian fresh waters, with 
some remarks on their ecology, structure and impor- 
tance. Proceedings of the Zoological Society of Lon- 
don 117: 609-649. 

FRANDSEN, J. C., AND A. W. CRUNDMANN. 1960. The para- 
sites of some amphibians of Utah. Journal of Para- 
sitology 46: 678. 


GOLDBERG, S. R., AND C. R. Bursey. 1991a. Welminths of 


three toads, Bufo alvarius, Bufo cognatis (Bufonidae), 
and Scaphiopus couchii (Pelobatidae), from southern 


Arizona. Journal of the Llelminthological Society of 


Washington 58: 142-146. 

. 1991b. Helminths of the red-spotted toad, Bufo 
punctatus (Anura: Bufonidae), from southern Arizona. 
Journal of the Ilelminthological Society of Washing- 
ton 58: 267-269. 

GOLDBERG, S. R., C. R. Bursey, B. K. SULLIVAN, AND Q. A. 
TRUONG. 1996. Helminths of the Sonoran green toad, 
Bufo retiformis (Bufonidae), from southern Arizona. 
Journal of the Helminthological Society of Washing- 
ton 63: 120-122. 

GREEN, D. M. 1982. Mating call characteristics of hybrid 
toads (Bufo americanus X B. fowleri) at Long Point, 
Ontario. Canadian Journal of Zoology 60: 3293-3297. 

HARDIN, E. L., AND J. JANovy, JR. 19SS. Population dynam- 
ics of Distoichometra bufonis (Cestoda: Nematotaeni- 
idae) in Bufo woodhousii. Journal of Parasitology 74: 
360- 365, 

HleNricn, T. W. 1968. Morphological evidence of secondary 
intergradation between Bufo hemiophrys Cope and 
Bufo americanus Wolbrook in eastern South Dakota. 
Hlerpetologica 24: 1-13. 

MEYER, W. R., M.A. DONNELLY, R. W. MicD1ARMID, L. C. 
HAYEK, AND M. S. FOSTER., EDITORS. 199-4. Measur- 
ing and monitoring biological diversity. Standard 
methods for amphibians. Smithsonian Institution 
Press, Washington DC. 364 pp. 

JILEK, R., AND R. WOLFE 1978. Occurrence of Spinitectus 
gracilis Ward and Magath 1916 (Nematoda: Spirnroi- 
dea) in the toad (Bufo woodhousii fowleri) in Winois. 
Journal of Parasitology 6-4: 619. 

Kuntz, R. W. 1941. The metazoan parasites of some Okla- 
homa Anura. Proceedings of the Oklahoma Academy 
of Science 21: 33-34. 


KUNTZ, R. E., AND J. T. SELF 19-44. An ecological study of 


the metazoan parasites of the Salientia of Comanche 
County, Oklahoma. Proceedings of the Oklahoma 
Academy of Science 24: 35-38. 

LE Brun, N., F RENAUD, PR BERREBI, AND A. LAMBERT. 
1992. Elybrid zones and host-parasite relationships: 
effect on the evolution of parasitic specificity. Evolu- 
tion 46: 56-61. 


ARIZONA TOAD FRELMIN THIS 


Qe 
D419 


NPARGOLIS, L., G. Wo fesen, J.C. Horses, A. af Konis, 
AND G. A. Scirab. 1982. The use of ecological terms 
in parasitology (report ofan ad hoe committee of the 
American Socicty of Parasitologists). Journal of Para- 
sitolagy 68: 131-133. . 

NICALLISTER, C. T., S. J. Upton, Nb 1D. B. Com®, 1989) 4 
comparative study of endoparasites in three specics 
of sympatric Bufo (Anura: Bufonidae), from Texas. 
Proceedings of the Helminthological Socicty of Wash- 
iIngtou 66: 162-167. 

MEACHAM, W. RR. 1962. Factors affecting secondary inter- 
gradation between two allopatric populations in the 
Bufo woodhousei complex. American Midlauid Natu- 
ralist 67: 282-301. 

Parry, J. £., AND A.W. GRUNDMANN. 1965. Species compo- 
sition and distribution of the parasites of some com- 
mon amphibians of fron and Washington counties, 
Utah. Proceedings of the Utah Academy of Science, 
Arts and Letters 42: 271-279. 

PRICE, A. Hf, AND B. K. SULLIVAN. 1988. Bufo microsca- 
phus Cope, southwestern toad. Catalogue of Ameri- 
can Amphibians and Reptiles 415: 1-3. 

PRUDHOE, S., AND R. A. Bray. 1982. Platvheliminth para- 
sites of the Amphibia. British Museum (Natural His- 
tory), Oxford University Press, London. 217 pp + 4 
microfiche. 

RANKIN, J. S., JR. 1945. An ecological study of the helminth 
parasites of amphibians and reptiles of western Mass- 
achusetts and vicinity. Journal of Parasitology 31: 
142-150. 

REIBER, R. J., E. E. BYRD, AND M. V. Parker. 1940. Certain 
new and already known nematodes from Amphibia 
and Reptilia. Lloydia 3; 125-144. 

SAGE, R. D., D. TBYNEMANS RL ANDAY Ge. VV IESON. 
1986. Wormy mice in a hybrid zone. Nature 324: 
60-63. 

SIMMONS, J. E. 1987. Herpetological collecting and collec- 
tions management. Society for the Study of Amphib- 
ians and Reptiles, Herpetological Circular 16. 70 pp. 

SMYTH, J. D. 1994. Introduction to animal parasitology. 3rd 
edition. Cambridge University Press, New York. 549 
pp. 

SULLIVAN, B. K. 1986. Hybridization between the toads Bufo 
microscaphus and Bufo woodhousei in Arizona: mor- 
phological variation. Journal of Herpetology 20; 11-21. 

. 1995. Temporal stability in hybridization between 
Bufo microscaphus and Bufo woodhousii (Anura: 
Bufonidae):; behavior and morphology. Journal of 
Evolutionary Biology 8: 233-247. 

SULLIVAN, B. K., AND T. Lau. 1988. Hybridization between 
the toads Bufo microscaphus and Bufo woodhousii in 
Arizona: variation in release calls and allozymes. 
Herpetologica 44: 325-333. 

TINSLEY, R. C. 1990. The influence of parasite infection on 
mating success in spadefoot toads, Scaphiopus couchii. 
American Zoologist 30: 313-324. 

TROWBRIDGE, A. [1., AND U1. M. HLeFLEY. 1933. Preliminan 
studies on the parasite fauna of Oklahoma anurans. 
Proceedings of the Oklahoma Academy of Science 
14: 16-19. 

Votre, E. P. 1959. Experimental and natural hybridization 
between Bufo terrestris and Bufo fowleri. American 
Midland Naturalist 61: 295-312. 

Watton, A. C. 1938. The Nematoda as parasites of 
Amphibia. 1V. Transactions of the American Micro- 
scopical Society 57: 35-53. 


ZWEIFEL, R. G. 1968. Effects of temperature, body size, 
and hybridization on mating calls of toads, Bufo a. 
americanus and Bufo woodhousii fowleri. Copeia 
1968S: 269-2535. 


Received 27 March 1996 
Accepted 29 July 1996 


APPENDIX 1 


Localities and museum (ASU) numbers for specimens 
examined: 


Bufo microscaphus: Maricopa County (V = 6) (34°00'N, 
112°45'W, elev 603 m) ASU 30360-61, 30369-72; Yavapai 
Gounty (N = 6))s7 tron (34 7°24 Ne 12 1a eles. 1323 
m) ASU 30328-31, 30347-49: 6 from (34°06'N, 112°09'W, 
elev 603 m) (ASU 29166-67, 29170-71, 30351, 30375); 4 
from (38°01,Ne 112°09'W, elev 48S m) (ASU 30377, 
30379-81); 34 from (34°05’N, 112°07’W. elev 616 m) ASU 
98845-50; 28552-57, 29172-83, 30334-40; 30356-SS; 10 
from (34°2-4'N, 112°08’W, elev. 1140 m) ASU 30-487-96: 
Coconino County (NV = 10) (34°24'N, 112°08’W, elev 
209+ m) ASU 30477-S6. 


Bufo woodhousii: Maricopa County (N= 53); 14 from 
(33°38'N, 112°28’W, elev 410 m) ASU 2882]-27, 28829- 
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31, 30356-59; 19 from (33°56'N, 112°08’W, elev 628 m) 
ASU 28818-19, 2$828, 28835, 30362-64, 30366-68, 29151- 
59; 2 from (33°36'N, 112°15’W., elev. 365 m) ASU 25538 
28836; 7 from (33°39'N, 112°14’W, elev. 389 m) ASU 
30197-503; 11 from (33°36’N, 112°11’'W, elev. 372 m) 
ASU 30504-14; Yavapai County (N = &); 7 from (84°06'N, 
112°09'W, elev 488 m) (ASU 29165, 29167-69; 30345, 
30350, 30355, 30376); 1 from (84°04'’N, 112°09’W, elev 
488 m) (ASU 30385). 


Hybrids: Yavapai County (NV = $8); 7 from (34°06'N, 
112°09’W. elev 603 m) ASU 30346, 30352-54, 30373-74, 
30382; | from (84°04'N, 112°09'W, elev 485 m) ASU 
30378. 


Accession numbers for helminths in the U.S. National 
Parasite Collection (USN PC): 


Bufo mnicroscaphus: Distoichometra bufonis (85910); Glyp- 
thelmins quicta (85921); Aplectana incerta (S5911); Aplec- 
tana itzocanensis ($5912); Physalopteridae ($5915); Physo- 
cephalus sp. (55914); Rhabdias americanus (85913). Bufo 
woodhousti: Distoichometra bufonis ($5916); Glypthelmins 
quieta ($5921); Aplectana ineerta (85917); Aplectana itzo- 
canensis (85918); Physalopteridae (83920); Rhabdias ameri- 
canus (85919). Hybrids: Distoichometra bufonis (85922); 
Glypthelmins quicta (85921); Aplectana itzocanensis (85923); 
Physalopteridae ($5924). 





